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Description 

System and Method for Characterizing 
and Simulating a Frequency Translation 

Device 

Background of Invention 

[0001] CROSS REFERENCE TO RELATED APPLICATIONS 

[0002] This application claims priority from a provisional applica- 
tion entitled "Method of Characterizing and Simulating 
Mixers, "filed October 15, 2002 by the present inventor 
and bearing application number 60/319,618. 

[0003] Mixers are frequency translation devices that are widely 
used in communication, radar and electric warfare sys- 
tems. Mixer performance depends on the power level and 
the frequency of the input and local oscillator signals. Be- 
cause of the multiple degrees of freedom, mixers are dif- 
ficult and time consuming to accurately characterize and 
model. The degrees of freedom include the power level 
and frequency of the input signal, radio frequency (RF) in 



down-converting application, or intermediate frequency 
(IF) in up-converting applications, and the local oscillator 
(LO) drive. Furthermore, the nonlinear devices inside the 
mixer circuits not only produce the desired translated sig- 
nal, but also a multitude of harmonics and intermodula- 
tion products that make the modeling task increasingly 
difficult. 

[0004] Generally, there are two ways to model mixers: circuit- 
level modeling and behavioral system modeling. Circuit- 
level modeling uses models for the internal components 
that comprise the mixer circuit. This must include accu- 
rate device models for the non-linear components used. 
Behavioral system modeling treats the mixer as a black 
box, using the external parameters of the mixer to de- 
scribe its performance. This is of great importance, be- 
cause often a system engineer has little circuit level infor- 
mation, yet requires accurate mixer system simulations. A 
variety of software packages are available to provide be- 
havioral system mixer models. The models either depend 
upon polynomial functions or data files, such as inter- 
modulation table (IMT) files to predict mixer performance. 
A conventional IMT file known in the art is a 
2-dimensional table representing the relative amplitudes 



of the various frequency components, or spurs, appearing 

at the output of a mixer for a single specific set of input (f 

) and LO (f ) frequency and power conditions according 

to the equation: 

[0005] f = \mxf ±nxf \ 
spur RF LO 

[0006] Conventional IMT files used for mixer simulation store 

only the sum or difference intermodulation products un- 
der the assumption that the mixer is symmetrical, i.e. the 
corresponding sum and difference intermodulation prod- 
ucts have the same amplitude. However, the assumption 
of symmetry does not always hold true. Current mixer 
modeling techniques known in the art do not address the 
multi-dimensional, dynamic and asymmetric nature of 
mixer output spectra. 

[0007] Accordingly, what is needed in the art is an improved 
method for characterizing and modeling a device-un- 
der-test (DUT) over wide ranges of degrees of freedom. It 
is, therefore, to the effective resolution of the aforemen- 
tioned problems and shortcomings of the prior art that 
the present invention is directed. 

[0008] However, in view of the prior art in at the time the present 
invention was made, it was not obvious to those of ordi- 
nary skill in the pertinent art how the identified needs 



could be fulfilled. 
Summary of Invention 

[0009] The present invention relates to the characterization and 
system modeling of frequency translation devices. Specifi- 
cally, the invention can be used to efficiently store and re- 
call extensive datasets of measured behavior of the fre- 
quency translation devices in various applications. While 
the invention is presented as it applies to mixers, a typical 
frequency translation device widely used in communica- 
tion systems and radar systems, the present invention is 
also effective for the characterization and system model- 
ing of other frequency translation devices known in the 
art. 

[0010] jhe present invention provides a new behavioral system 
mixer model that is based on measurement of the asym- 
metric intermodulation products at the output port of a 
mixer under varied frequency and power stimulus condi- 
tions. The new model, termed the Global Mixer Model 
(GMM), simulates mixer performance under varied signal 
conditions, and overcomes limitations due to symmetric 
assumptions made in commonly available mixer models. 
The GMM in accordance with the present invention is 
adaptable for use with both a custom simulator as well as 



commercial simulators known in the art. 

[0011] According to the present invention a method for charac- 
terizing a frequency translation device is provided 
whereby a stimulus condition is supplied as input to a fre- 
quency translation device. The output spectrum of the 
frequency translation device is then measured and the in- 
termodulation products identified. The intermodulation 
products include both a sum intermodulation product and 
a difference intermodulation product. In accordance with a 
predetermined file format, the sum intermodulation prod- 
ucts and the difference intermodulation products are 
stored in files as a data set. An index file is then estab- 
lished to identify the intermodulation product files based 
on the stimulus input condition. 

[0012] | n a particular embodiment of the present invention, the 
frequency translation device is a mixer. 

[0013] According to a particular embodiment of the present in- 
vention, the stimulus condition comprises a sweeping 
stimulus condition. With a sweeping stimulus condition an 
input signal at a predetermined power and frequency and 
a local oscillator input at a predetermined power and fre- 
quency are supplied. The input signal and local oscillator 
input are then stepped through a predetermined range of 



values to establish the sweeping stimulus condition. 

[0014] Based upon the input stimulus condition, output inter- 
modulation product measurements are taken. The inter- 
modulation product measurements include both an am- 
plitude measurement and a phase measurement. The am- 
plitude measurements or the amplitude and phase mea- 
surements are then recorded in an intermodulation table. 
The present invention takes into account the situation 
wherein the frequency translation device is not symmetric 
and therefore the sum intermodulation products differ 
from the difference intermodulation products. To account 
for this distinction, the sum intermodulation products and 
the difference intermodulation products are stored and 
identified separately. In one embodiment, the sum and 
difference intermodulation products are stored in separate 
files and identified by a variable. In an additional embodi- 
ment, the sum and difference intermodulation products 
are stored in distinct locations within the same file and 
identified by a variable as required. The variable is as- 
signed and stored to distinguish the sum intermodulation 
products from the difference intermodulation products. 

[0015] After the frequency translation device is characterized and 
the intermodulation products stored and the index file es- 



tablished, a method to simulate the expected response of 
a frequency translation device is provided. Simulating the 
response of the frequency translation device includes pro- 
viding a simulated stimulus condition, relating the stimu- 
lus condition to the appropriate stored intermodulation 
table through the index file, and extracting the stored in- 
formation to display the results of the simulation. The 
simulated stimulus condition may be either a static stimu- 
lus or a sweeping stimulus condition. The display pro- 
vided may take on a variety of forms, including both 
2-dimensional and 3-dimensional graphs. In the situation 
whereby the simulated stimulus condition does not have 
an exact correspondence in the stored date, interpolation 
methods can be used on the extracted data to display the 
requested condition. 
[0016] | n accordance with the present invention, a system for 

characterizing and simulating a frequency translation de- 
vice is provided, the system includes a stimulus supply to 
supply a stimulus condition input to the frequency trans- 
lation device, an output measurement device to measure a 
plurality of intermodulation products in the output spec- 
trum of the frequency translation device resulting from 
the stimulus condition input, the plurality of intermodula- 



tion products further comprising a plurality of sum inter- 
modulation products and a plurality of difference inter- 
modulation products, a predetermined file format to store 
the plurality of sum intermodulation products and the 
plurality of difference intermodulation products in a plu- 
rality of files according to the predetermined file format 
and an index file to identify the stored output files, the 
stored output files identified by the supplied stimulus 
condition. 

[0017] | n one embodiment of the present invention, the fre- 
quency translation device is a mixer and the stimulus 
condition is a sweeping stimulus condition. The stimulus 
supply may consist of a plurality of signal generators to 
provide the required stimulus conditions for the input sig- 
nal and local oscillator. A spectrum analyzer may be pro- 
vided as the output measurement device to measure the 
amplitude intermodulation products of the output spec- 
trum. The intermodulation products are stored in the ap- 
propriate intermodulation table and the sum and differ- 
ence products are further identified by a unique variable. 
An index file is established to associate the intermodula- 
tion table files. 

[0018] | n addition to the characterization elements of the system, 



the present invention also includes simulation capability 
to simulate an expected response to a simulated stimulus 
condition. According to the present invention, a simulated 
stimulus condition selector is provided, the selected stim- 
ulus condition identifies the index file, the index file iden- 
tifies and extracts the intermodulation product of interest 
from the stored data files associated with the simulated 
stimulus condition, and a display is provided to display 
the result of the simulation. The simulated condition may 
be static or a sweeping stimulus condition. 
[0019] while specific examples have been provided for a mixer, it 
is within the scope of the present invention to adapt the 
present invention for use with other frequency translation 
devices. 

[0020] An advantage of the present invention is, the establish- 
ment and utilization of an efficient indexing scheme to 
store, recall and interpolate using large amounts of mea- 
sured datasets of the device under test. This indexing 
scheme provides a way to explore the performance of the 
device under test based on the measured datasets, which 
are the best representation of the device. 

[0021] Another advantage provided by the present invention, is 
the ability to effectively characterize and simulate asym- 



metrical frequency translation devices through the use of 
a novel file and indexing system that can accommodate 
both the sum intermodulation products and the difference 
intermodulation products. 
[0022] An additional advantage includes the incorporation of a 
display scheme to provide increased capabilities to ex- 
plore the performance of the device from many perspec- 
tives through the use of 2-dimensional and 
3-dimensional display, which is not possible with systems 

known in the art. 
Brief Description of Drawings 

[0023] For a fuller understanding of the nature and objects of the 
invention, reference should be made to the following de- 
tailed description, taken in connection with the accompa- 
nying drawings, in which: 

[0024] pig. 1 is a flow diagram of the characterization method in 
accordance with the present invention; 

[0025] Fig. 2 illustrates an IMT file of a double-balanced mixer in 
accordance with the present invention; 

[0026] Fig. 3 illustrates an excerpt from the indexing file in ac- 
cordance with the present invention; 

[0027] Fig. 4 illustrates a new IMT file format in accordance with 
the present invention in which both the sum and differ- 



ence intermodulation products are stored in the same 
data file; 

[0028] pig. 5 illustrates the indexing process in accordance with 
the present invention; 

[0029] pig. 6 is a flow diagram of the simulation method in ac- 
cordance with the present invention; 

[0030] Fig. 7 is a diagrammatic view of the system in accordance 
with the present invention; 

[0031] Fig. 8 illustrates a simulated output spectrum in accor- 
dance with the present invention; 

[0032] Fig. 9 illustrates a three-dimensional graph of the simu- 
lated result in accordance with the present invention; 

[0033] Fig. 10 illustrates an example of a simulated result that 
compares four intermodulation products in accordance 
with the present invention; 

[0034] Fig. 11 illustrates a simulation schematic under a static 
stimulus condition in accordance with the present inven- 
tion; 

[0035] Fig. 12 illustrates two sets of the simulated output spec- 
trum in accordance with the present invention; 

[0036] Fig. 13 illustrates a simulation schematic under a swept 
stimulus condition in accordance with the present inven- 
tion; 



[0037] pig. 14 illustrates the simulated conversion loss under 
swept LO power and RF power in accordance with the 
present invention; 

[0038] pig. 15 illustrates the relationship of the isolation between 
LO and IF ports with the swept LO/RF power in accordance 
with the present invention; 

[0039] Fig. 16 illustrates the relationship of the isolation between 
RF and IF ports with the swept LO/RF power in accordance 
with the present invention; 

[0040] Fig. 17 illustrates a sample set of parameters for the 
mixer model in accordance with the present invention; 

[0041] Fig. 18 illustrates a sample file format based on the mixer 
model in accordance with the present invention; and 

[0042] Fig. 19 illustrates a representation of the mixer's perfor- 
mance using traveling voltage/current waves in accor- 
dance with the present invention. 
Detailed Description 

[0043] As known in the art, there are generally two ways to 

model a mixer: circuit-level modeling and system-level 
modeling, also known as black-box or behavioral model- 
ing. Circuit-level modeling handles the mixer from inside 
and constructs an equivalent model for components in the 
mixer circuit to simulate the mixer performance accu- 



rately. System-level modeling treats the mixer as a black 
box, using the external parameters of the mixer to de- 
scribe the performance of the mixer. The present inven- 
tion utilizes the system-level modeling technique to cre- 
ate a mixer model that can predict the mixer performance 
accurately based on the measurement dataset. 

[0044] According to the present invention, a new mixer model is 
provided termed the Global Mixer Model (GMM). In general 
the GMM can be divided into two parts: the indexing 
scheme file and the measured data files. Each of the mea- 
sured data files has a record in the indexing scheme file. 
The data files are recalled based on the stimulus condition 
of the measurement taken, i.e. relying on the power and 
frequency of the input signal and local oscillator drive. 

[0045] with reference to Fig. 1, a method for characterizing a 
frequency translation device is provided including the 
steps of supplying a stimulus condition as input to a fre- 
quency translation device iO, measuring a plurality of in- 
termodulation products in the output spectrum of the fre- 
quency translation device, the plurality of intermodulation 
products including both sum intermodulation products 
and difference intermodulation products 15, establishing a 
predetermined file format 20, storing the plurality of sum 



intermodulation products and the plurality of difference 
intermodulation products in a plurality of output files 25, 
and establishing an index file to identify the stored output 
files 30. 

[0046] | n accordance with the present invention, the intermodu- 
lation products, which are also known in the art as spuri- 
ous products or spurs are used to characterize the device 
under test. For each combination of input frequency, RF or 
IF, and LO frequency, there are a set of intermodulation 
products at the output port, which can be represented as: 

[0047] f = mxf ±nxf 

spur IN LO 

[0048] where m and n stand for the harmonic orders of the input 
and LO signals, f , f and f are the frequency of the 

spur IN LO 

spurs, input signal and LO signal respectively. For the 
down-conversion setup the RF signal, f , is the input 

RF 

signal, f . The IF frequency, f , replaces the f in the 
equation if the up-conversion setup is of interest. 
[0049] The IMT file stores the amplitude information of the inter- 
modulation products presented in the output spectrum of 
a mixer under a specific stimulus condition according to 
the LO order and input signal order, so that by specifying 
the orders of the mixing signals, the corresponding value 
can be retrieved. An example IMT file of a double-bal- 



anced mixer is shown in Figure 2. According to this ex- 
ample, the input signal power level 35 is lOdBm and LO 
level 40 is 7dBm. The LO order increases horizontally 45 
and the input signal order increases vertically 50. Notice 
that the value of the lxl intermodulation product, i.e. IF 
(for down-conversion) or RF (for up-conversion), is 0, 
which means the values in the table are in dBc, compared 
to the IF (down-conversion) or RF (up-conversion) power 
level. 

[0050] The IMT file format is widely used in CAE software pack- 
ages, however, its limitation is that it assumes symmetric 
Intermodulation products and therefore stores only the 
sum or difference intermodulation products. This method 
of storing intermodulation products is only effective if the 
mixer under test is symmetrical, i.e. the corresponding 
sum and difference intermodulation products have the 
same amplitude and therefore follow the equation: 

[0051] Amplitude ofmxf + nxf = Amplitude ofm xf nxf 

r IN LO IN LO 

[0052] However, symmetry does not always hold true regarding 
frequency translation devices. As such, to effectively char- 
acterize a mixer, it is necessary to address this limitation 
of the IMT file format known in the art. In accordance with 
the present invention, a variable is used to point out 



whether the sum products or difference products are in- 
spected. An example of such an index file is shown in Fig. 
3 as 55, wherein the index variable (UpperSB) identifies the 
intermodulation products as sum or difference products. 
Additionally, in accordance with the present invention, a 
modified IMT file format is presented which stores both 
the sum and difference intermodulation products in the 
same data file as shown in Fig. 4. The upper triangle 60 
stores the amplitude information of the difference inter- 
modulation products, while the lower triangle 65 stores 
that of the sum products. The IMT file, as well as the 
modified IMT file, stores only the amplitude information 
of the intermodulation products. Sometimes the phase in- 
formation of the spur products is also of interest, espe- 
cially in digital modulation in which the phase has a great 
effect on the baseband data detection. With the proper in- 
strument setup and measurement procedure, the ampli- 
tude and phase information of the output spectrum can 
be determined and the complex values can be stored in 
the table cells in the IMT files to enable the phase simula- 
tion. Incorporation of a vector network analyzer into the 
measurement system will provide the proper setup to ob- 
tain the phase information. 



[0053] | n accordance with the present invention, measurements 
of the output amplitude spectrum of the mixer under 
swept stimulus conditions are taken and the historical in- 
termodulation table, IMT, file format is used to store the 
obtained data. 

[0054] pig. 5 illustrates the indexing process in accordance with 
the present invention. The indexing scheme behaves as 
the coordination system, which can retrieve the IMT data 
files according to the stimulus conditions. In accordance 
with the present invention, the indexing scheme file fol- 
lows the widely used microwave data interface file format, 
MDIF. MDIF is made of data blocks that are separated by 
BEGIN 70 and END 75 statements. Each data block can be 
indexed through variable information that is started with 
VAR reserve word 80 for MDIF file format. Fig. 5 shows an 
excerpt from the indexing file. The file contains two data 
blocks that are confined between the BEGIN and END 
statements. In the data block, the conversion loss value 85 
(not in dB) and the IMT file name 90 are given. Each data 
block has an index 95 that is composed of five variables, 
which specify the stimulus condition and other considera- 
tions. 

[0055] After establishment of the IMT files and the indexing file 



completes characterization of the mixer, the method in 
accordance with the present invention further includes 
simulating the response of the frequency translation de- 
vice to a simulated stimulus condition. With reference to 
Fig. 6, simulating the response includes, establishing a 
simulated stimulus condition 100, relating the stimulated 
stimulus condition to the index file 105, extracting the in- 
termodulation product of interest from the stored data 
files associated with the simulated stimulus condition no, 
and displaying a result of the simulation 115. Once the in- 
dexing file is specified, one can view the performance of 
the mixer in different ways. Utilizing a customized user 
interface, the user can choose to view the measured data 
either under sweeping conditions or in a static condition. 
One can also choose to view one frequency component in 
the output spectrum three-dimensionally, or compare the 
trends of several spurs under one sweeping parameter. 
Linear interpolation is used when the data for the speci- 
fied condition is not available in the measurement set. 
More complex interpolation methods are also within the 
scope of the present invention. 
[0056] | n accordance with the present invention, a system for 

characterizing and simulating a frequency translation de- 



vice is provided as shown in Fig. 7, including stimulus 
supplies 120/121 to supply the stimulus condition input to 
the frequency translation device 122, an output measure- 
ment device 125 to measure a plurality of intermodulation 
products in the output spectrum of the frequency transla- 
tion device resulting from the stimulus condition input, 
the plurality of intermodulation products further compris- 
ing a plurality of sum intermodulation products and a plu- 
rality of difference intermodulation products, a predeter- 
mined file format 130 to store the plurality of intermodu- 
lation products, an index file 135 to identify the stored 
output files, a simulated stimulus condition selector 140 to 
identify and extract the intermodulation product of inter- 
est from the stored data files and a display 145. The simu- 
lated stimulus condition selector 140 it used to access the 
model and extract information from the model. The simu- 
lator reads the indexing files as well as the measured data 
files according to different requirements. As an example, 
the stored data may be sent to an interface provided by 
MATLAB™. MATLAB™ is used because of its power in 
data graphing. By specifying the index data file through 
the MATLAB interface, one can obtain the knowledge of 
the sweeping stimulus conditions taken in the measure- 



ment. 

[0057] | n a specific example in accordance with the present in- 
vention, measurements are taken on a mixer and the 
measured data arranged according to the global mixer 
model requirement of the present invention. The simula- 
tor is then used to replicate and predict the performance 
of the mixer. In this example, the power levels of the in- 
put signal and LO drive are swept and the frequencies are 
kept constant. In this example, the mixer is used as a 
down-converter. 

[0058] jo v j ew the output spectrum under this static stimulus 
condition, a setup screen is used to supply the static 
stimulus condition including the input signal frequency 
and power level and the LO signal frequency and power 
level. In this example, RF signal has a power level at -10 
dBm at 915 MHz and the LO drive has power at 7 dBm at 
985 MHz. Fig. 9 illustrates the simulated output spectrum 
under these conditions. According to the result, it can be 
observed that the power levels of the difference compo- 
nents are different from that of the sum components. The 
IF component (70 MHz) has a power level of -15.37 dBm 
compared to the sum component (1900 MHz) whose 
power level is -22.31 dBm. By combining IMT files for sum 



and difference components, the simulator in accordance 
with the present invention can predict the output spec- 
trum accurately. However, in present commercial CAE 
packages, only a single IMT data file is considered, so that 
when used to simulate the asymmetric mixers, they are 
not able to distinguish the sum and difference compo- 
nents and the amplitude of the components are predicted 
to be the same. 
[0059] | n accordance with the present invention, the user can 
also analyze a specific spur component in a three- 
dimensional graph. By selecting the frequency component 
of interest from the interface of the simulator and specify- 
ing the sweeping condition, the three-dimensional graph 
illustrated in Fig. 9 results. In this figure, the changing 
trend of the difference intermodulation product of the 3 rd 
LO harmonic and 1 st RF harmonic is observed. The simu- 
lator system of the present invention also allows for the 
analysis of changing trends of several spur components 
against one sweeping parameter at the same time. Fig. 10 
gives an example of a simulated result that compares four 
intermodulation products, sum and difference of the 2 
LO harmonic and 1 st RF harmonic; sum and difference of 
the 1 st LO harmonic and 1 st RF harmonic, against sweep- 



ing LO power level. As can be seen from the example 
graphs presented, the global mixer model in accordance 
with the present invention provides the flexibility to ana- 
lyze the mixer from different angles and different ap- 
proaches. In addition to a customized simulator, the 
global mixer model in accordance with the present inven- 
tion is readable adaptable for integration with other CAE 
packages. Incorporation of the present invention with a 
computer aided engineering package known in the art is 
shown with reference to Fig. 11, wherein a static stimulus 
condition is presented. The model utilizes IMT data files 
provided to predict the performance of the mixer under 
test. Two sources are connected to the input port and LO 
port of the model. A Harmonic Balance simulator is used 
in this simulation because of its fast speed and advantage 
in harmonic prediction. A Data Access Component (DAC) 
is used in this simulation to access the MDIF indexing file 
according to the stimulus condition specified in its index- 
ing value lists, the DAC can retrieve a record, which in- 
cludes the value of the conversion loss and the file name 
of the IMT data file corresponding to the condition. The 
resulting simulation is illustrated in Fig. 12 wherein two 
sets of the simulated output spectrum are presented. One 



is based on the difference IMT data file and the other is 
based on the sum IMT data file. To simulate the perfor- 
mance of a mixer under swept stimulus condition, a new 
schematic is constructed which is shown in Fig. 13. A Pa- 
rameter Sweep controller is used in the schematic to man- 
age the swept condition. In Fig. 14 the simulated conver- 
sion loss under swept LO power and RF power is given 
out. Note that in these simulations the same GMM data 
files are used. Fig. 15 shows the relationship of the isola- 
tion between LO and IF ports with the swept LO/RF power. 
Fig. 16 shows the relationship of the isolation between RF 
and IF ports with the swept LO/RF power. As we can see, 
the GMM model can easily be integrated with a commer- 
cial simulator and it enables the user to study the mixer 
under test in a broad range. 
[0060] while the global mixer model of the present invention is 
described using the traditional IMT data files to represent 
the performance of a mixer, it is not limited to the IMT file 
format. Other customized filed formats are within the 
scope of the present invention. Additional specified and 
measured data can be stored and the GMM still can to uti- 
lized to read and replicate the measured data through the 
efficient indexing scheme. The modified IMT file format 



mentioned above is an example file format that can be 
used in this model. Other possible data file formats are 
the outcome of the simulation requirements. For example, 
an engineer may want to utilize the indexing power en- 
abled by the GMM together with the mixer models em- 
bedded in the CAE package to fully simulate the perfor- 
mance of the mixer under test. Therefore, the variables in 
the data file are based on the parameter lists of the mixer 
model studied. As an illustration, the parameters of a 
known mixer model are as shown in Fig. 17, and are used 
to establish a customized file format. The measurable pa- 
rameters of the mixer model include the conversion loss, 
S-parameter, port impedances, SOI and TOI, power at the 
gain compression and the compression in the gain. As 
such, the file format is constructed as shown in Fig. 18. 
MDIF indexing file can keep the same as shown in Fig. 5. 
The only change is that the file name stored is no longer 
the name for the IMT file, but is instead the file name of 
the data file shown in Fig. 18. 
[0061] The present invention can also be extended into the large 
signal network analysis (LSNA) of a mixer. Basically, LSNA 
is to measure and utilize the input and reflected voltage 
waveforms present at each port of a device to represent 



the performance of the device, as shown in Fig. 19. The 
incident and reflected voltage waveforms are defined as a 
and b, with subscripts pointing out the port number and 
harmonic order. For example all defines the incident 
voltage wave at the port 1 at the 1st order of the funda- 
mental frequency. 
[0062] The GMM model of the present invention provides a pow- 
erful representation of a mixer base on the ability to index 
and access large sets of measured data files and increased 
flexibility in data file formats. Through the indexing 
scheme provided by the GMM, one can retrieve the com- 
ponents of interest from the output spectrum and analyze 
them versus swept stimulus conditions, or compare them 
with other components present at the output spectrum. 
The multi-tone intermodulation distortion is one area that 
the GMM can be utilized. The intermodulation distortion 
incurred by the multiple tones is an important issue to 
evaluate the Adjacent Channel Power Ratio (ACPR) and 
Complementary Cumulative Distribution Function (CCDF) 
in current wireless communication systems. Because of 
the involvement of multiple tones present at the input 
port, the indexing scheme needed to address them is in- 
creasingly complex. The complexity in the computation of 



the intermodulation products also incurs the need for an 
efficient data file format. 
[0063] it w i|| thus be seen that the objects set forth above, and 
those made apparent from the foregoing description, are 
efficiently attained. Since certain changes may be made in 
the foregoing construction without departing from the 
scope of the invention, it is intended that all matters con- 
tained in the foregoing construction or shown in the ac- 
companying drawings shall be interpreted as illustrative 
and not in a limiting sense. It is also to be understood 
that the following claims are intended to cover all of the 
generic and specific features of the invention herein de- 
scribed, and all statements of the scope of the invention 
which, as a matter of language, might be said to fall there 
between. 

[0064] n ow that the invention has been described 



